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Nghién ctliu da phan tich PCBs trong mau dau bién thé s dung hai phuong phap la phucng phap
phan tich nhanh s dung dién cuc chon loc ion va phuong phap phan tich sic ky khi két néi dau do
khoi phd (GC-MS). Két qua cho thay, néu do bing phuang phéap phan tich nhanh, 61 trong téng sé
152 mau dau bién thé c6 ndng doé tdng PCBs (Aroclo 1260) 16n hon 50 ppm. Cac mau nay cung véi 14
mau khac cho két qua phan tich nhanh nhé hon 5 ppm dudgc dinh lugng lai PCBs bang phuong phap
séc ky khi. P& phuc vu viéc danh gia ham lugng PCBs véi ngudng gi6i han chat thai nguy hai clia
PCBs la 5 ppm, phuong phap phéan tich nhanh té ra la giadi phap chi phi thap, tiét kiém thgi gian va
c6 dé tin cay khi cho két qua & khodng néng dé PCBs dudi 5 ppm va trén 200 ppm. Néu két qua cula
phudng phap phan tich nhanh trong khoang 5-200 ppm, sau khi sang loc mau can dudc dinh Iugng

lai bang phudng phap sac ky khi.

T khéa: dau bién thé, PCBs, phuong phap phén tich sang loc, phuong phap sac ky khi.

Chi sé phén loai 2.4

DETERMINATION OF PCBS IN TRANSFORMER OIL BY USING
TWO METHODS - QUICK TEST AND GAS CHROMATOGRADPHY
WITH MA&S SPECTROMETRY DETECTOR (GC-M6)

Summary

In this study, PCBs in transformer oil samples have been analysed
by using two methods which are the quick test performed with
ion selective electrode and the gas chromatography with mass
spectrometry detector (GC-MS). As results of quick test method,
there are 61 oil samples in the total of 152 transformer oil samples
have reached PCBs concentration (Aroclor 1260) over 50 ppm.
These samples and adding to 14 other oil samples, having results
of quick test method lower than 5ppm, have been analysed for
PCBs by GC-MS method. At the threshold limit of PCBs in oil of 5
mg/kg, the study results have shown that the quick test method
spends low expenses, saves time and has high reliability and
precision data in two ranges of PCB concentration: under 5 ppm
and upper 200 ppm (with R3= 0.95). However, PCB concentration
in the range from 5 to 200 ppm could be detected by using GC-MS
method after screening by the ion selective electrode method.

Keywords: gas chromatography,
transformer oil.
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Classification number 2.4

Mé dau

Polyclo biphenyl (PCBs) da
tling dudc st dung rong rai lam
chat phu gia trong cac chéat
lam ngudi, vat liéu cach nhiét
va chat boi tron trong cac thiét
bi dién nhu may bién thé va tu
dién, trong cac chat 1ong thuy
luc, chat hoa déo va son phl bé
mat. Theo Cong udc Stockholm
vé cac chat 6 nhiém hiu co kho
phan hiy (POP) cé hiéu luc vao
ngay 17.5.2004, PCBs la mét
trong 12 hdéa chat/nhém hoda
chat POP co6 tiém nang gay hai
cho stc khde con ngudi va moi
trudng, 1a muc tiéu phai loai bd
theo cam két clia Céng udc. Viét
Nam ky Cbéng udc Stockholm
vao ngay 23.5.2001, phé chuén
ngay 22.7.2002, va ban hanh ké
hoach hanh déng qudc gia (NIP)
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vao ngay 10.8.2006 [1]. K& hoach nay da dua ra
15 linh vuc hanh dong uu tién tai Viéet Nam nham
dép Ung nghia vy clia minh khi tham gia Cong udc
Stockholm. Quan ly PCBs la hanh dong uu tién s6 5
(khac phuc hau qué céac khu viic bi nhiém PCBs) va
s0 6 (loai bd PCBs trong s dung céng nghiép, dac
biét la trong cac thiét bi dién). Chuong trinh hanh
déng qudc gia clng dua ra 16 trinh loai bd viéc s
dung cac thiét bi chtia PCBs vao nam 2020 va x{ ly
an toan chung tru6c nam 2028 [2].

Viét Nam khéng san xudt PCBs nhung da nhap
khau khoang 27000 dén 30000 tan cac loai dau cé
PCBs tU cudi nhiing nam 1940 dén nam 1985 tu
cac nudc nhu Lién X6 cl, Trung Quéc, Rumani va
Uc [3]. Mét lugng dang ké cac chat PCBs van con
ton tai 6 Viét Nam, chd yéu trong céac loai dau dugc
st dung trong may bién thé dién va tu dién, mot
phan da di vao moi trudng dat, tram tich xung quanh
[4, 5].

Nghién cliu nay sé dua ra méi tuong quan két
qué cla hai phuang phap: phan tich nhanh va phan
tich sac ky 6 cac khoang néng doé khac nhau, ti do
dua ra khoang néng doé nén ap dung ca hai phuong
phap phan tich cho két qua phu hgp vséi muc tiéu
quan ly PCBs tai Viéet Nam so véi Quy chudn ky
thuat quéc gia vé ngudng chét thai nguy hai [6],
trong dé ngudng ndng dé PCBs trong dau dugc quy
dinh 1a 5 ppm.

Thuc nghiém
Thu thap va bdo quian mau

152 mau dau bién thé dudc thu thap tai mét s6
may bién thé, cac kho dién Iyc tai mot s6 tinh, thanh
phd & ca 3 mién Bac, Trung va Nam bao gém: Ha
Noi, Ninh Binh, Thai Binh, Ha Tinh, thanh phé Ho
Chi Minh. M&u dudc chua trong céac lo thiy tinh ¢d
200 ml, c6 dan nhan code cla tling viung, mau dugc
doéng goéi can than bing tui nilon dé tranh dé vé va
dudc bado quéan trong diéu kién nhiét do phong.

Phuong phdp xac dinh téng clo bing dién cuc
chon loc ion

Ban dau, cac mau dau bién thé sé dudc sang
loc bang phuong phap th& nhanh - Phuong phap
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Hinh 1: m4u dugc hat vao éng phan dng

Hinh 2: m4u da xd ly va dé ldng

xac dinh téng clo bang dién cuc chon loc ion. Co
ché clia phan ng xay ra trong qua trinh phan tich
nhanh PCBs d6 1a chuyén héa cac nguyén tl clo
cla PCBs thanh clorua. lon clorua dugc chiét vao
dung dich nudéc va do tin hiéu dién hoa bang dién
cuc chon loc véi ion clo clia Hang Thermo Scientific
(My). Céac dung dich chiét, rlia, chudn, 6ng phan
(ing dugc di kém theo thiét bi L2000DX [7].

Quy trinh phan tich nhanh cu thé nhu sau: hut
mot lugng chinh xac 5 ml dau vao 6ng phan ung,
trong 6ng phan Ung chléia mét ampul dugc chia
lam 2 phan: ampul phia dudgi va ampul phia trén.
Bé gay lan lugt 2 phan ampul va lac déu lan luct
trong vong 10 gidy. Sau dé lac tiing dot khoang
1 phut. Khi pha vé ampul dudi thi Natri kim loai
sé& phan (ing PCBs trong dau vdi sy c6 mat cla
naphthalene va dung dich Diglyme dé chuyén héa
clo hitu co vé clo vo co.



Thém 5 ml dich chiét (pha nudc) vao éng phan
(ing va lAc manh trong 20 giay. Lat dé 6ng ngudc lai
trong vong 2 phat. Qua trinh nay sé giup tach hoan
toan hai pha dau va nudc. Pha nudc sé dugc chiét
vao lo thiy tinh 20 ml. Mau sé dugc do trén thiét
bi L2000DX. Ham lugng clorua do dugc sé dugc
chuyén sang téng PCBs theo hé s& quy déi Aroclo
1260. Khoang do cla thiét bi L2000DX ti 0 dén
5000 ppm [7].

Phuong phap sac ky khi

Qua trinh chudn bi mau déi véi phan tich séc ky
dugc thuc hién theo sc do hinh 3.

Mau dau

\H Thém PCB-209

Lam sach bang axit H,SO, dic 98%

Lam sach qua c{t theo thir tu:

- Bong thuy tinh
1 g Florisil (hoat hoa ¢ 130°C/2h)
2 g Acid silicagel (44:56, w/w)
- 0,5 g Na;SOg4 (hoat hoa ¢ 500°C/4h)
Dung moi rtra gidi: n- Hexane (12 ml)

A

Co dich rua giai

Thém IS

Bom vao GC-MS

Hinh 3: cac budc xu ly m&u cho phan tich sdc ky

Dich chiét sau d6 dugc bom trén thiét bi sac ky khi
khéi phé (GCMS-QP2010, Shimadzu, Nhan Ban)
st dung cét tach BPX5 (60 m, 0,25 mmx0,25 um,
SGE, Uc) v6i chuong trinh nhiét do tang ti 110°C t6i
200°C vdéi toc do tang 10°C/phat, sau do tang 30°C/
phut 1én 270°C va tang tiép 5°C/phat 1én 320°C, gil
trong 10 phat. Nhiét d6 c6ng bom méau la 280°C va
nhiét d6 cla detecto 1a 280°C, thé tich bom mé&u la
2 ul. Khi mang la khi Heli. St dung chudn PCB Mix1
bao gbm 6 cau ti don la PCB-28, PCB-52, PCB-
101, PCB-138, PCB-153, PCB-180 vGi ndng dé 10
ng/ul ctia Hang Dr. Ehrenstorfer, Blic dé lap dudng
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chudn. Néng do trong mau dau dugc dinh Iudng
theo phuong phap ndi chuan sl dung chrysen-d12
lam chéat ndi chudn. Chat PCB-209, 100 ng/ul Dr.
Ehrenstorfer, Dlic l1am chéat dong hanh. Gigi han
phéat hién doi véi PCBs trong mau dau cla phuong
phap phan tich sac ky la 0,42 ppm.

QA/QC

Trudc khi ti€n hanh do mau trén may L2000DX,
kiém tra dién cuc bang cach nhing dién cuc vao
dung dich réia (Rinse), dién cuc phai dat 140 mV
trong 1 phut. Sau do, dién cuc sé dudc dat vao dung
dich chudn (CAL). Dung dich chuén la mét dung
dich 50 ppm clorua. Gia tri dién thé cho phép trong
khodng 58-68 mV, qué trinh chuén sé& dugdc thuc hién
sau 20 lan phan tich hodc 15 phut. V6i nhiing mau
cho két qua trén 50 ppm, tién hanh chuén lai dién
cuc bang cach nhung dién cuc vao dung dich ria
dé kiém tra. Gidi han phat hién cla phuong phap
do nhanh 0-5000 ppm. D& kiém tra do lap lai cta
phuong phap phan tich nhanh, ching t6i ti€n hanh
phan tich 4 mau dau (dai dién cho két qua PCBs &
cac ¢8 nbng dod khac nhau, ti vai ppm tdi vai nghin
ppm), m&i mau lam l14p 5 lan. Sau khi dé lang 2
phut, mau sé dugdc do trén may L2000DX. K&t qua
phan tich cta 4 mau déu cho do lap lai kha t6t, do
sai khac gitia cac lan do ti 4-6% (bang 1).

Bang 1: két qua kiém tra dé I3p lai 8 mot s6 mau
béng phuong phap do nhanh

Ky hiéu méu Ktelf:I?l:\iE::n RSD (%) | Ky hiéu méu Ké;ﬂ:fh"ai"n:;bh RSD (%)
(ppm)

Lant | 4471 Lint | 166
Lin2 | 4474 Ln2 | 179

27404 | Lin3 | 4974 | 45 15770 Ln3 | 182 | 39
Lind | 4718 Lind | 181
Lins | 4726 Lins | 183
Lint | 423 Lnt | 28
Lin2 | 434 Ln2 | 317

{416 | Ln3 | 466 | 605 14141 Ln3 | 325 | 58
Ling | 477 Lind | 32
Ln5 | 487 Lins | 316

Ghi chu: RSD - B¢ léch chuén tuong déi



Phan tich sac ky: cac thong sé danh gia phuang
phap phéan tich PCBs trong dau bién thé bang
phudng phap sic ky dugc trinh bay trong bang 2.
K&t qua cho thay, phuong phap c6 do Iap lai tot ca
vé thoi gian luu va néng do, hiéu suéat thu hoi tét
trong khoang tii 85-110%.

Bang 2: két qua danh gia phuong phap phan tich
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Trong qua trinh phan tich, c 1 mé 10 mau déu
c6 1 mAu trédng va 1 mau thu héi da thém chuén 6
céu tii PCBs ho&c 1 mau dau da biét trudc ndng dé.
Hiéu suat thu hoi can dat trong khoang 80-120%.
Ngoai ra, trong méi mau dé dudc kiém tra hiéu suét
clia qué trinh x& ly mau, chat déng hanh PCB-209
dudc thém vao ti ban dau qua trinh xG ly va can dat
hiéu suat thu héi trong khoang 80-120%.

Két qua va thao luan

Két qua sang loc bang phuong phap do nhanh
s dung dién cuc chon loc ion

Ham lugng téng PCBs (quy theo Aroclo 1260)
clia 152 mau cé gia tri trong khoang 1,63 ppm dén
4976 ppm, trong d6 24 mau c6 néng dé téng PCBs
duéi 5 ppm; 67 mau cé néng do téng PCBs trong
khodng 5-50 ppm; 45 mau c6é néng dd téng PCBs
trong khodng 50-200 ppm; 16 mau c6é néng do téng
PCBs trén 200 ppm. Thanh phan phan tram cla
152 mau trong cac khoang néng do dudgc biéu dién
trong hinh 4.

B A:<5ppm
HB:5-50ppm

u C:50-200ppm
uD>200ppm

N

Hinh 4: su phén bé cédc khodng néng dé6 PCBs trong m&u ddu
do bdng phudng phép phan tich nhanh (t6ng s6 mau: 152)

TAP CHI

HOA HOC ||,
ONG NGHE !Ict Nam 1(4) 42015

Két qua phan tich sidc ky khi

V6i cac mau cé ndéng dd téng PCBs theo do
nhanh trén 50 ppm, chlng t6i ti€n hanh x& ly va
phan tich lai bang phuong phap séc ky dé xac dinh
chinh xac néng doé téng PCBs c¢6 trong mau. Néu
két qua do nhanh trén 500 ppm, mau sé dudgc pha
loang trudc khi x ly mau cho phan tich sac ky. Két
qua phan tich sac ky dudc chia thanh cac khoang
ndng do khac nhau, cu thé dudc thé hién trong
bang 3.

Béng 3: téng hop két qua phan tich PCBs trong cdc mau ddu
béng phuong phap sdc ky

§6 méu chia theo khoang ndng do xéc dinh

Ket qua Khodng ndng dg xdc dinh béng phuong phép phén tich nhanh

béng phuong php séc kj | Tong s6 méu
(ppm) 50-100 ppm 100-200 ppm | >200 ppm
(n=31) (n=14) (n=16)
nd 24 19 4 1
<5 5
550 12
50-100 6
100-200 2
5200 12

0
0
2
1

o |lo| —=|oo|w

2
4
3
1
0
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Nd: dudi gi6i han phat hign cla phuong phap GC (< 0,42 mg/kg)

Trong s6 61 mau c6é néng do téng PCBs trén
50 ppm do theo phudng phap phéan tich nhanh néu
trén, khi dugc phan tich chinh xac bang GC/MS
c6 32/61 mau cho téng PCBs trén 5 ppm (ngudng
PCBs la 5 mg/kg - 5 ppm) trong dau - Quy chuén
ky thuat qudc gia vé ngudng chat thai nguy hai cla
B6 Tai nguyén va Mai truong (B6 TNMT) [4], chiém
trén 50%.

3 khoang néng dé phan tich nhanh 50-100 ppm,
gia tri PCBs kiém tra lai bidng GC han 50% (19/31
mau) khoéng phat hién thady PCBs, 10% (3/31 mau)
c6 PCBs nhd hon 5 ppm, 26% (8/31 mau) c6 PCBs
trong khodng 5-50 ppm va chi c6 1 mau ddng vGi
khodng néng do 50-100 ppm (chiém 3%). Tuong tu
nhu vay, 8 nhom méau phan tich nhanh véi ndng do
100-200 ppm chi ¢6 1 mau, chiém 7% s6 mau co
két qua GC dung trong khoang dé. Véi khoang néng
dé phan tich nhanh > 200 ppm thi 75% (12/16 m&u)
phan tich GC cho két qua cung khoang. Tuy nhién,
cling c6 moét s6 mau c6 ham két qua do nhanh >
200 ppm nhung két qua phan tich séc ky lai thdp
hon rat nhiéu hoac khéng phat hién thay.



B A: Dudi giGi han phat hién
m B: 0,42-5ppm
uC: 5-50ppm

1 D: 50-200ppm

mE: >200ppm

Hinh 5: sy phdn b6 cac khodng néng d PCBs trong mau dau
khi phan tich lai 61 méu (c6 két qué PCBs > 50 ppm
theo do nhanh) bang phuong phap sdc ky

Méi tuong quan giida két qua phan tich nhanh
va phan tich sdc ky

TU cac két qua phan tich clia 2 phudng phap
phan tich nhanh bang dién cuc chon loc ion dé sang
loc va phan tich chinh xac lai bdng GC, chdng téi
biéu dién maéi tuong quan két qua cla 2 phuong
phap phan tich 3 khoang nong d6 PCBs cla phan
tich nhanh: 50-100 ppm, 100-200 ppm, trén 200
ppm nhu sau:
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Pliin tich nhanh (ppm)

a. 50-100 ppm (n=31)

Phin tich nhanh (ppm)

b. 100-200 ppm (n=14)

nong dé PCBs trong mau dau phan tich nhanh cang
I6n thi két qua phan tich sac ky cang cao. Khéng co
méi tuong quan & cac khodng néng dé do nhanh
50-100 ppm va 100-200 ppm vdéi R2= 0,04 va R?2
= 0,002 tudng (ing. K&t qua sang loc bang phudng
phap do nhanh & hai khoang néng dé nay chua du
bao dudc xu huéng vé két qua phan tich lai bang
phuang phap sic ky.

Ngoai ra, 14 méu c6 néng dd do nhanh < 5 ppm
dudgc phan tich lai bang phuong phap séc ky cho
thay tat c4 cac mau phan tich déu cho két qua sai
806 duong, ca 14 mau déu cho két qua nhd han mic
giGi han phat hién ctia phuong phap (0,42 ppm).

Nhu vay, két qud phéan tich nhanh déi véi hai
khoang n6ng d6é nhd hon 5 ppm va trén 200 ppm sé
cho két qua t6t, do tin cay cao. Con déi v6i khoang
nong dé con lai ti 5-200 ppm, nén dinh lugng chinh
xac lai bang phuong phap sac ky.
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Phin tich nhanh (ppm)

c.> 200 ppm (n=16)

Hinh 6: méi lién quan gida két qué phan tich nhanh va phan tich sdc ky & cac khodng néng dé phan tich nhanh

Hinh 6 biéu dién mai tuong quan két qua phan
tich PCBs bang hai phuang phap & 3 khoang néng
dé do nhanh la 50-100 ppm, 100-200 ppm va >
200 ppm. Chi c6 dugc méi tuong quan gitia két qua
phan tich nhanh va phan tich sac ky & néng doé trén
200 ppm (Aroclo 1260) véi R2= 0,95. G néng do
trén 200 ppm, hai bién nay ty 1& tuyén tinh thuan,
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Két luan

Nghién cuu da thuc hién phan tich PCBs trong
mau dau bién ap vs6i 152 méu do bidng phucng
phéap do nhanh sl dung dién cuc chon loc ion clo
va 75 mau trong s6 152 mau dugc phan tich lai
bang phudng phap sic ky. Phuong phap sac ky
cho két qua téng PCBs luén nhé hon phuong phap
do nhanh. Vé&i ngudng gia tri cho phép clia PCBs
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trong mau dau la 5 mg/kg thi phudng phap sang
loc nhanh bang dién cuc chon loc ion sé& giup tiét
kiém dudgc chi phi, thGi gian phén tich, dac biét vai
két qua phan tich nhanh & 2 khoang nong do: duéi
5 ppm va trén 200 ppm cho két qua chinh xac, do
tin cay cao. Tuy nhién, véi khodng nong dé con lai
5-200 ppm sau khi sang loc nhanh bang dién cuc
chon loc ion nén dudc dinh lugng lai bang phuong
phap sac ky vi su chénh léch két qua kha 16n cula
hai phudng phap 6 khoang néng do nay.

L&i cdm on

Nghién cuu duoc thuc hién dudi su gitip dé cla
Tap doan Pién luc Viét Nam (EVN) va su hé trg mot
phan kinh phi ti dé tai TN13-39 cla Trudng Pai hoc
Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi. Cac
tac gia chan thanh cdm on su gitp dé cla cac can
bd trong nhém phén tich hdu co thudc Trung tam
Nghién ctiu Céng nghé Méi trudng va Phét trién
Bén viing trong qua trinh thuc nghiém dé tai nay.
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